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由于在自然界中磷灰石在 X 位置以 F-、Cl-、OH-居多，因此，本文主要系统
研究 F-、Cl-、OH-对磷灰石结构材料抗辐照性能的影响，并且为了能够更加深刻
的了解 X 位置离子对磷灰石结构样品抗辐照性能的影响，我们也研究了在 X 位
置 F-和 Cl-掺杂的磷灰石结构样品在辐照条件下的行为。对于实验用的磷灰石结
构，在 M 位置选取了 Ca2+，AO4 位置选择了 PO43-，即实验样品为 Ca10(PO4)6X2
（X 为 F-、Cl-、OH-）。进行辐照实验前，用传统陶瓷固相烧结法合成磷灰石多
晶圆片，然后对这些样品进行抛光处理。进而对这些进行离子辐照实验，实验条
件为常温，800 keV 的 Kr2+离子在剂量从 5×1013 ions/cm2 到 1×1015 ions/cm2 进行
系统的辐照实验，并且为了比较在轻重离子辐照下的辐照行为差异，也进行了
400 keV 的 Ne+离子在剂量为 1×1014 ions/cm2、1×1015 ions/cm2、1×1016 ions/cm2
的辐照实验。辐照后的样品用掠入射 X 射线衍射仪（GIXRD）进行表征。掠入







升；（2）不同 X 离子对磷灰石抗辐照性能的影响，对 F-、Cl-、OH-三种离子的研
















同种剂量下 Kr2+离子比 Ne+离子辐照更容易使样品非晶，甚至加大 Ne+离子的辐
照剂量也没有产生非晶现象。 
















The response of the material to high radiation field is important to choose a material on 
nuclear applications. Apatite (M10(AO4)6X2) has been extensively studied as a potential 
nuclear waste ceramic material because of its excellent physical properties and the 
tolerance to radioactive elements. Over the past few decades, the different compositions 
of apatite samples has been studied in different irradiation conditions. In this paper, we 
will study the effect of different X ions to the antiradiation performance of apatite 
systematically. So, we can find the best anti-irradiated element at the X position. 
In this paper, the effects of F-, Cl-, OH- on the antiradiation properties of apatite 
structure are studied. In order to understand the effect of X position ions on the 
antiradiation performance of apatite structural samples, we also studied the behavior of 
F- and Cl- doped apatite structural samples under irradiation conditions. In our 
experiments, we selected the Ca10 (PO4) 6X2 (X is F-, Cl-, OH-) to study from 
M10(AO4)6X2.We synthesized many ceramic pellets of the Ca10 (PO4) 6X2 (X is F-, Cl-, 
OH-) and the samples also would be polished. Then these apatite samples were 
irradiated with 800 keV Kr2+ ions at a dose of 5×1013 ions/cm2 to 1×1015 ions/cm2. In 
order to compare the effects of light and heavy ion irradiation on the apatite structure, 
we also studied the apatite samples that irradiated by 400 keV Ne+ .The irradiated 
samples were characterized by grazing incidence X-ray diffraction (GIXRD). The 
incident angle is 0.1 ° to 3.0 °. And microscopic changes in irradiated samples were 
observed by cross-sectional transmission electron microscopy (TEM). The 
experimental results show that the apatite amorphous transformation is carried out in 
the irradiation experiment of  800 keV Kr2+ at room temperature, and the apatite 
samples with different X ions show different ability to resist amorphization . 
In this paper, several aspects of apatite structural ceramic were studied:(1) The 
effect of irradiation dose, the experimental results showed that the amorphous content 
of the samples were increased with the increasing of irradiation doses;(2) The effects 















to resist amorphization ;(3) The effect of F/Cl ratio, the apatite with higher F proportion 
will have the higher irradiation tolerance to amorphization; (4) The effect of irradiated 
ions, the Kr2+ ion irradiation is easier to make apatite amorphous than Ne+ ion 
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一千 MW 的核电厂每年满功率运行过程中所产生的放射性核废料大约 600 立方
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